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IN THE CIATMR ; 

^* ^ ^'lash EEprom system comprising: 
one or more integrated circuit chips each 
having an array of Flash EEprom cells partitioned into 
a plurality of sectors, each sector addressable for 
erase such that all cells therein are erasable 
Lmultaneously ; 

means for selecting a plurality of sectors 
amongvthe one or more chips for erase operation; and 

\ / -^"eously performing the erase 

operation\9« only th/ plurality of selected sectors. 



. 2. 
including 
read or write 
enabled by a 
operation is 
chip select sig 



^'lash/ 



SEprom system as in cOaiia j.. 



chip 



,erfo^^\ed\n chi 



ions on chips which have been 
herein the erase 
without regard to the 



^ect signal J 



3. A Flash EEpromXsystem as in claim i 
Wherein the erase operation ma\be performed on the 
Plurality of sector selected for eAse operation, while 
read,, write or other operations may b^>erformed on any 
-Qther: device not selected for erase ope^tion. 



according to claim 



4. The Flash EEprom system 
1, further comprising: 

means for individually removing any \e or 
combination of sectors from the plurality of seleked 
sectors, such that said removed sectors are prevent 
from further erase during the erase operation. 
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5. The Flash EEprom system according to claim 
further comprising; 

means for simultaneously deselecting all 



3rs, 



6. The Flash EEprom system according to claim 
1, wherei^the selecting means further comprises: 

iMividual register associated with each sector 
for holding \ status tO/fn^|^icate whether the sector is 
selected or ndl 



1 . . The 
6, T7herein ±he 
responsive "to the, 
registers , such 
included in the ei 



pm system according to claim 
Lmultaneously erasing means Is 
^tus in each of the individual 
3nly the selected sectors are 



8. The Frash EEprom Wtem according to claim 
6, wherein any one or combln^ion of the individual 
registers indicating a selected sWus are individually 
resettable to an un-selected stati 

9. The Flash EEprom system a^ordlng to claim 
6, ;Trtierein all the Individual \egisters axe 
simultaneously resettable to a status iiiicating the 
associated sectors as not selected. 



10. A system for correcting erroiss from 
defective cells within an array of Flash EEprom\ells, 
comprising: 

substitute cells; 

means for substituting one or more of tiii 
defective cells with a corresponding number of^ 
substitute cells. 



# # 
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11. A system for correcting errors from 
defec^ve cells within an array of Flash EEprom cells as 
in claiV lo^.wherein the substituting means also applies 
automatic^ly to new defective cells as soon as they are 
detected. 

12. Ay system tsDr correcting errors from 
defective cells v^thin a/ar^y of Flash EEprom cells as 
in claim 10, sai^d aatray bteing partitioned into a 
plurality of Flash eisa^able sfectors such that all cells 
within each sector aP^eriskhle at once, wherein the 
substitute, eel Is are ^n tiy6/same sector a^iche defective 

■ cells. 

.13. A system f or N^orrecting errors from 
defective ceills within an array o^Flash EEprom cells as 
in claim 11, further comprising a d^ect map for storing 
defect pointers which link the \ddresses of the 
defective cells to that of the corresponding substitute 
cells. 



14 . A system for correcting badXdata in 
defective cells within an array of Flash EEprom c^^ls as 
in claim. J.3, wherein the defect map for said ■ defectJ-ve 
cells are .located in the same sector as said defectin 
cells. 
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15. A system for correcting errors from 
defectiv^ells within an array of Flash EEprom cells 
as in clai^ lo, said array being partitioned into a 
plurality ofVlash erasable sectors such that all cells 
within each s^tor are erasable at once, wherein the 
substitute cell^re in the same sector as the defective 
cells when the nu\ber of defective cells in the sector 
does not exceed \ predetermined number, and the 
substitute cells ard\^ in a d^LrTferent sector when the 
number is exceeded • 



' 16, A system 
defective . cells wii:hin 
as in claim: 15, wherei 
entirety by a substi 
exceeded. 



an 



/correcting errors from 
ay of Flash EEprom cells 
^ector is replaced In its 
te/\pect\r wherr said number is 



17. A system for correcting errors from 
defective cells within an array of Flask EEprom cells as 
in claim 15 wherein the substituting meaiVs also applies 
automatically new defective cells as sooXas they are 
detected. 



18« A system for correcting errors ^^om 
defective cells within an array of Flash EEprom cells >s 
in claim 17, including the use of error correction" 
codes . 
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19. A system for correcting bad data in 
defectiv^cells within an array of Flash EEprom cells, 
comprising^ 

substitute cells for storing good data intended 
for the defectiive cells; 

means Vor substituting the bad data in one or 
more of the defective cells with the good data in the 
corresponding substitute cells when the defective cells 
are accessed. 



20. A syst^ 
defective cells within a; 
in claih 19, fmrtheir co: 
saving the good data 
defective cells to th 
thereby perserving t 



:or 



correcting bad data in 
y of Flash EEprom cells as 
g means for automatically 
ed to be written ±o the 
corr^^onding substitute cells, 

good duLa« 



^.arre 



inter 



e mt 



rrxl 



of th€ 



21. A systfeiru^for corredting bad data in 
defective cells within an array of Fla^ EEprom cells as 
in claim 20 wherein the substituting me^s also applies 
automatically to new defective cells as soon as they cire 
detected . 



22. A system for correcting bad\da1:a in 
defective cells within an array of Flash EEprom \ells as 
in claim 20, said array being partitioned jmto a 
plurality of Flash erasable sectors such that all dalls 
within each sector are erasable at once, and dataXis 
stored therein, wherein the substituting means appli) 
after the data including the bad data has been accessed. 
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23. A system for correcting bad data in 
defectW cells within an array of Flash EEprom cells as 
in claiAi^ 20, said array being partitioned into a 
plurality t?f Flash erasable sectors such that all cells 
within eaGh\sector are erasable at once, wherein the 
substitute cel^s are in the same sector as the defective 
cells. 



24. A 
defective cells with! 
in claim 20, further 
defect pointers wh 
defective cells to t 
cells. 



t^m for I correcting bad .data in 
an arraj/ of Flash EEprom cells as 
a defect map for storing 
ch the addresses^ of the 

at of i^he correspondir>g substitute 
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25. A sitste^ for d^w^ecting bad data in 
defective cells withiiTan array ofVFlash EEprom cells as 
in claim 24, wherein the def ect mak f or said defective 
cells are located in the same sector\as said defective 
cells. 

2 6 • A system for correcting 
defective cells within an array of Flash 
in claim X9, said array being pairtition^ 
plurality of Flash erasable sectors such that 
within each sector are erasable at once, 
substitute cells are in the same sector as the defective 
cells when the number of defective cells in the sedt:or 
does not exceed a predetermined number, and ti 
substitute cells are in a different sector when 
number is exceeded. 




1 
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27. A system for correcting bad data in 
defective cells within an array of Flash EEprom cells as 
in claim 26, wherein said sector is replaced in its 
entirety by a substitute sector when said number is 
exceeded. 



28. ^ system for correcting bad data in 
defective cells Vi thin an array of Flash EEprom cells as 
in claim 26, wherein the substituting means also applies 
automatically to n^ly occurring defective cells* 



2 9 . A. syst^ 
: defective cells within /a^ 
in claim 28, includini 




orrecting bad data ±xi 
of Flash EEprom celXs as 
error correction codes. 



30. An improved Mys"6em for writing data files 
into a Flash EEprom 

a cache meibojry" fior teirfp<5rarily storing data 
files intended for the Flash EEprom memory, said cache 
memory able to undergo significantly more write/erase 
cycles than the Flash EEprom memory; \ 

means responsive to a system write to the Flash 
EEprom memory for writing data files o^nto the x^ache 
memory, instead of the Flash EEprom memoryX 

means for identifying each data Mle in the 
cache memory; \^ 

means for determining the time since ^ch data 
file was last written; and \ 

means for first moving data file having: the 
longest time since last written from the cache memo A to 
the Flash EEprom memory when additional space for ntew 
data files is required in the cache memory, therebV 
substantially reducing the number of actual writes and 
associated stress to the Flash EEprom memory. 



# 
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^^1* The improved system as in claim 30, 
further comprising: 

a backup non-volatile memory for downloading 
the data f iles^^ in the cache memory thereto; and 

means Responsive to an impending power loss for 
down loading theXdata files in the cache memory to the 
backup memory, th^eby saving the data files from the 
possibly volatile cache memory. 

32 . The , impa^ved ^ system as in claim 3 0 , 
wherein the .backup: me^^ im part of the Flash EEprom 
memory • 

33. The 7iTnproj/ed\syst^iEf^ as in claim 30, 
wherein the cache /memo3?Y signif ic^^ faster 
access time than thl^t^f the Plafeh EEprom memory, 

34. The improved system, as in claim 30, 
including a controller circuit chip fis^ controlling the 
operations of the Flash EEprom mem<^sy, wherein the 
improved system is part of the controllers, circuit chip^ 



as* The .improved system as in tclaim 30, 
including a microprocessor system and random, -access 
memory, wherein, the improved system is implemented by 
software in the microprocessor system with random ac<jess 
memory. 
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,3 6, An improved system for writing data files 
into a Fl^h EEprom memory comprising: 

a Ncache memory for temporarily storing data 
files intended for the Flash EEprom memory, said cache 
memory able tc) undergo significantly more write/erase 
cycles than the^Flash EEprom memory; 

means re^^sponsive to a system write to the Flash 
EEprom memory foA writing data files into the cache 
memory instead of the Flash EEprom memory; 



10 a tag memo 

files and... the time 

means for fir 
JLongest :time since last 
the Flash EEprom inemo 

15 data files is requir 
substantially reducin 
associated stress to fchey 



mqvi 

:it 



wt 



the identity of data 
Jile was last written ; and 
Lng data file having the 
from the ca^he memoiry to 
additional/ space for new 
''memory, thereby 
actual writes aTid 
5rom memory. 



37. The improved syst\m as in claim 36, 
further comprising: 

a backup non-volatile memoiV for downloading 
the data files in the cache memory thereto; and 

means xesponsive to an impending: power loss for 
down, loading . the data files in. the cacheNmemory to the 
backup memory, thereby saving the data fi\es from the 
possibly volatile cache memory. 

38. The improved system as in cisaim 36, 
wherein the backup memory is part of the Flash\EEprom 
memory . 



39 . The improved system as in claim ^6 , 
wherein the cache memory has a significantly fast* 
access time than that of the Flash EEprom memory. 
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4 0 . The improved system as in claim 3 6 , 
includin^sr a controller circuit chip for controlling the 
operations^ of the Flash EEprom memory, wherein the 
improved system is part of the controller circuit chip. 



4 1 . \The improved system as in claim 3 6 , 
including a mic\oprocessor system and random access 
memory, wherein the improved system is implemented by 
software in the microprocessor system with random access 
memory • 



miprow 



42. An 
into a Flash EEprom m 

a cache mem 
files intended for 



system for writing dat^ files 
loryVcom prising: 
fry f o»Q temporarily storing data 
thM FlaWi/MEprom memory,/ said cache 



memory able to undergo si 



s^ntly more write/erase 



cycles than the Flaslj EEpnoTti memc 

means responsive Lb a syst^ 
EEprom memory for wrAtingXa data. 
Flash EEprom memory or'iiTistead into 



/rite to the Flash 
either into the 
le cache memory , 



10 said responsive means writing to the Fl\sh EEprom when 
the a previous copy of said data file is rtot present in 
tile cache memory, and writing to the cache\iemaxy when 
a previous copy of said data file is prese^jt in the 
cache memory; and 

15 means for first moving data files having the 

longest times since last written from the cache memory 
to the Flash EEprom memory when additional space f orNjew 
data files is required in the cache memory, there! 
substantially reducing the number of actual writes ancJs 

20 associated stress to the Flash EEprom memory. 



43 

v43. The improved system as in claim 42, 
further comprising: 

a b^kup non-volatile memory for downloading 
the data filesX^n the cache memoiry thereto; and 

means responsive to an impending power loss for 
down loading the dasta files in the cache memory to the 
backup memory, thereby saving Jbhe data files from the 
possibly volatile cach^memo^ 



4 4 • The impro-v 
wherein tlie,., backup memoi 
memory. 



ptem as in claim 42, 
Dart of the /Flash EEprom 



45*'*'The.impro\^e^systeTrifoi\ writing data files 
into a Flash EEprom memory accordxi^ to claim 42, 
wherein said responsive means for writings^includes a tag 
memory for storing the identity of data rales and the 
time each data file was last written, and wnerein said 
responsive means writing to the Flash EEprom when said 
data file is not tagged in the tag memory, and writing 
to the cache memory when said data file is tagged . iiK the 
tag memory. 



44 



10 
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46. An improved system for writing data files 
into a Fl^sh EEprom memory comprising: 

aXcache memory for temporarily storing data 
files intended for the Flash EEprom memory, said cache 
memory able tb undergo significantly more write/erase 
cycles than th^ Flash EEprom memory; 

means r^ponsive to a system write to the Flash 
EEprom memory forXwriting a data file either into the 



Flash EEprom memo 
said responsive mean 
said data file is las6 
period of time, and w; 
said data .f ile is la 
period of t-iitie; and 

means for /first 
longest times sinc^ 
to the Flash EEpro: 
data files is rec^uir 
substantially reducing 



or Inj^ead into the cache memory, 
wxo^tir^g to the Flash EEprom when 
after the predetermined 
to the cache memory when 
en within a predetermined 



/rit 



:xn* 



last 



memo 



ing data f i>es having the 
f ronix^he cache -memory 
len Xtd^^ional space for new 
in the^\:ache memory, thereby 
the number \of actual writes and 
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associated stress to the Flash EEprtom memory. 



47. The improved system ^ in claim 46, 
wherein the cache memory has a signiBicantly faster 
access /-time than that of the Flash EEpromv. memory. 

48. The improved system as inXclaim 46, 
including a controller circuit chip for controlling the 
operations of the Flash EEprom memory, whertein the 
improved system is part of the controller circuity chip. 



49. The improved system as in claim M6, 
including a microprocessor system and random accetes 
memory, wherein the improved system is implemented b^ 
software in the microprocessor system with random access 
memory . 
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50- An improved system for writing data files 
into a Flash EEprom memory comprising: 

cache memory for temporarily storing data 
files intended for the Flash EEprom memory, said cache 
memory ableXto undergo significantly more write/erase 
cycles than tke Flash EEprom memory; 

a tagNmemory for storing the identity of data 
files and the ti^e each data file was last written; 



means responsive 
EEprom memory for V^^itinq 
Flash EEprom memory, 
said responsive means 
the data: file is: not 
writing to the each 

ta<! 



Lnsi 



/ril 



a system write to the Flash 
data file either into the 
ead into the cache meiaory, 
.ng to the Flash EEprom when 
tag memory, and 
the data file is 



.if ied in 



amory wher 



identified in the 

means for moylng STfst the data files having 
the longest times since lasH; written from the cache 
memory to the Flash EEprom meminry when additional space 
for new data files is required, in the cache memory, 
thereby substantially reducing \he number of actual 
writes and associated stress to theNFlash EEprom memory- 



51. The improved system a\ in claim 50, 
further comprising: 

a backup non-volatile memory f oi\^ downloading 
the data files in the cache memory thereto ,\ and 

means responsive to an impending power loss for 
down loading the data files in the cache memom^ to the 
backup memory, thereby saving the data files rl^om the 
possibly volatile cache memory. 



52. The improved system as in claim ^0, 
wherein the backup memory is part of the Flash EEprc 
memory • 
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The improved system as in claim 50, 
wherein the N^ache memory has a significantly faster 
access time than, that of thp. Flash EEprom memory. 

54, The ^l^prdved jsystem as in claim 50, 
including a control ler^carciV^ chip for controlling the 
operations of the Flash^silEprom mempry, wherein the 
improved system is part o^tKe cont^ller circuit chip- 



55* :The improved systeik as in claim 50, 
including a i inicroprocessor system ahd random access 
memory r wherein ; the improved system is ^implemented by 
sT>ftware;in the: microprocessor system with rh^jdom access 
memory. 
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56. A memory card adapted to plug into a 
computer ^stem in a manner to communicate with a system 
bus and av standard power supply, comprising the 
following mounted thereon: 

a plurHiity of EEprom integrated circuit chips, 
each of said chips including: 

a larWe number of individually addressable 



organ: 



sectc 



donta: 



storage eel 

sectors , each 

said storage ce!h^ 
a plurality 

any of said sector 

means xesponsx 
for erasing all cells i: 
without erasing cells 

means responsW^ to~signals 



,zed into a plurality of 
ining a plurality of 



are storage cells within 



lais 



in 



or 



:hers 



3re 



onysaid -systeTu bus 
esignated sectors 
said sectors, 
an said system bus 



25 



for reading the state of addressed storage cells, 

means responsive to signals on Vaid system bus 

for programming addressed storage cells to a 

predetermined state, and 

means responsive to an unsuccessful a^empt to 

either program or erase a storage cell within\one of 

said sectors for substituting one of said spare storage 
• cells tiieref ore , while maintaining operation of N;he 

^remaining cells of said sector. 
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57. The memory card according to claim 56 
which addivtionally comprises a cache memory mounted on 
said card,\nd wherein said programming means includes 
means for inrfcially programming said cache memory rather 
than said EEpW>m memory, said reading means includes 
means for initially determining whether the cache memory 
contains data to\be read, and said programming means 
additionally includes means responsive to said cache 
memory becoming fullVor writing its oldest unused block 



of data into said EEprom 
f or new,, data. in. said cafch4 . m< 



, thereby to make room 
ory • 



V : , The Taemo5^ "W^^ as in claim 56, Tf^herein 

each of said chips fur^er A/kcludes a plurality of spare 
sectors, and whereiiY si/d \subst4rtuting means also 
substitutes one of sa[id JRare^^^tors for one of said 
sectors when a predeteS?jt(ined number of cells in said one 
of said sector become defective. 

59. The memory card as in c\aim 58, including 
means for performing error correctaS^n using error 
correction codes. 



60. The memory card as in claim 56 ,\inclxiding 
a controller and an interface connected to tlie system 
bus, said controller being adapted to be responi^^ve to 
commands intended for a standard magnetic disk Mrive 
storage system connectable to the computer sys\em, 
thereby emulating said disk drive system. 
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s^l. The meiaory card as in claim 56, in which 
various opiating voltages are required for various 
operations ^^the EEproia chips, including means for 
generating" the\yarious operating voltages from the 
standard power suj 
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^m incorporating therein the 
uprising: 



ntrolling tiie operation of 



lor J 



62. A storage^ 
memory card of claim 5( 

a controller /fc 
the EEprom chips; 

me^ns f or generatingvoS^ages for the operation 

of ^ the EEprom chips; 

mecins for error .corxection ^ the operation o± 
the storage system; and 

means for interfacing the stora^ system to a 

computer system. 







